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Rapid detection of 3,4-dihydroxyphenylethanol by ultraviolet

spectrophotometry based on Fe’ coordination modulation

ZHOU Junhan ZHENG Jianxian SUN Lu

(South China University of Technology, Guangzhou, Guangdong 510641, China)

Abstract: [Objective] To address the limitation of spectral overlap interference in the rapid detection of 3,4-dihydroxyphenylethanol
(DHPET) within the 4-hydroxyphenethyl alcohol (HPET) catalytic system using traditional ultraviolet spectrophotometry. [ Methods] To
overcome the insufficient specificity of existing methods, a rapid spectrophotometric detection method based on Fe’' coordination
modulation was proposed. Through bidentate chelation between Fe’ and the catechol group of DHPET, the characteristic absorption
spectrum was induced to undergo a bathochromic shift to 760 nm, significantly distinguishing it from the weak coordination response of
monophenolic compounds. [ Results] After optimization, the method exhibited a linear range of 3~100 mmol/L (R*=0.998), a detection
limit of 0.709 mmol/L, and precision with RSD< 2%, meeting the requirements for real-time monitoring in industrial catalytic systems.
[Conclusion] The molecular mechanism of enhanced selectivity through bidentate coordination is practical in enzymatic catalytic systems,
providing a low-cost, rapid analytical tool for the industrial production of DHPET.
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Figure 1

UV-vis absorption of HPET/DHPET in the presence of different metal ions
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JETEAE 580 nm 4b FEHLFG W, HIEW WA, M pH I &
I X ] (pH 6.6) i, 35838 25 BR T 10 B AT 2% — 1 17
T, 5 Fe’ A B A /N A 25 #2770 nm b H B 5R

LMCT W AT, 8 T B R R € o T 24 30 A8 X i) (pH >
7.5) B H B 4T (A A, L 420 nm A W5 B WO X R
T VA T S A I S R JR RO R B A
25 40%. i — 30 pH % 8 5 ¥ 51 & Fe(OH), ULiE , F
FES W, b, pH 6.6 4R, U B AL £ SR8
LMCT 07 5 & f2 e i H sk DHPET 43 5% 6 B 6 il
ML E 1,

3.5
3.0 6.0
€25 6.2
520 8
230 S
220 ]
<05 8.
0.0 1 I 1 | 1 | I 8.2
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AN
Wavelength/nm

B 6 AR Bt DHPET-Fe % &4 7% . 69 % v
Figure 6 Effect of acid-base environment on the formation

of DHPET-Fe complexes

2.3 DHPET#MFEREL

231 ArdEMig B ECH 10~100 mmol/L X [&] N 3, 4-
TR R B (DHPET) bR W W, 43 % 5 100 mmol/L
FeCL AW #% 1: 1 R FRIR & , 4 4% pH 6.6, = il & O )2 )
1 min, T 760 nm &bl & WO B (4) , L DHPET # J3 o 1
AR A AR AU A L E T R (UL 2.3.2) o BRI VK 1k
55 45 R R FeC Ly W B N, 7 B o T 4% 4% A 7 vk BE AT 2 i
S WO RE (DA AR TT T3 DHPET ¥ JEE

232 TP BR SR R BEXE LR bR AT B
AL ERME TR,

VL DHPET ¥ Ry 11 25 &, % R W O (8 o A8 &
AT e /AN IU A A B G RN R 2 PR o OB
5 B FE 10~100 mmol/L 3t Bl 5 B AP 2Rk 06 &, Ho ek
B 5 k. Y=0.014 09x+0.654 22, ¥k & & it R°=
0.991 82, 44754t BR MDL {24 0.709, L) 4 1% # i BR
PR 5 TRR 25 5 WL 2,

AR AR i 22 (RSD) 5 A0 X% 22 (RE ) J2& 7 f2t A5 1Y 751
DA 5 0 S 1R 22 8 bR, — 3 (BB /DN 80 AT 5 1 i
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Figure 7 DHPET labelled curve fitting

x2 WEABRREMHR

Table 2 Fitting equations and their detection limits

D T T T S

(mmol-L ") TR

1 100 2.03761 Y=0.01409x+ 0.709 2.836

2 90 1.888 10 0.65422

3 80 1.760 99
4 70 1.676 43
5 60 1.576 99
6 50 1.390 70
7 40 1.224 88
8 30 1.058 03
9 20 0.885 40
10 10 0.795 20

ZE 0], DHPET ¥ & 7£ 10~90 mmol/L i [l B, A X} A5
WEAR 22} 0.30%~1.92% , A % % 2%l — 0.40%~0.62% , 3

HE287H | 20254 9 A | BR&S5HM

HHASS R f 5 e, 2 G U 3 25 R L3 3

S it — 25 K 0 A A ) T RE R XA R AT A A AR 2
ST IE 8 iR . IEAMEE BB GSHL  kE—
LA {0 I A PTG I ) g Al e AR X, 2 R B
ARG A A5 2, 2R S 1 P 10,005 (8) =2.306 , 47 28 S FF AR
RYLR PR S 5 B0 5 41 TR 1 KTl L T R AR AL 5 % 2% 4y
5 B ST BR &5 4 b o b T B R
A R G AT W TE 2 43 A R
233 IO 5 S PREEAE AR S I E W 9 TR, &
S — 0] WL 4y OO B ¥R (Vis-UV) 5/ &% i AR (6 3% 12
(HPLC) %} DHPET 1% & 1 43 #7 15 3 B0 s 0 5 4 1k, Home
HEMZ AR R B(R) 43 511K 0.995 9,0.999 9,

P75 RO A €0 3 v R T (0 3 AT 2 e 0 PR A ok R e
Fo IS I 32 v T G R, T U AR S R AT R R T 0 Ot B ik
PR 0 BR A vy A R M S PR G, T A2 2% i A B P AT
BEE W A AL W W TP DHPET ¥ B . 3% T 55 B i 12
2R b R R €S Ik R AT E — 25 07 s LU R TE
AN 10 BE R o AT LA S 2 B, B 5 A A S 07 A E
2, BE 5 2 19 DHPET ¥R B AH 4L T #E 1 1T+ HPET ¥k &
TR

DHPET M # F HPET [ 48 K — W 454 £ — > &
B, HM M 5 SR Kk o 0 S BOTE IO €6 3T Hh AR R
) 45 6 o 50 W, DHPET B9 % B 15 8] 24 (6.5+0.3) min,
Iii HPET 4 (8.3£0.3) min, JS 4 HPLC % W] 52 3 & 43 B
By (A H B R 4y BT FE I K 3K 25~40 min, AL T 400
OB R AL . L, TEAE AR T AR AR T, 0k
£V TGy T T S R R, T HPLC AR S ik 07 vk T
IR % T S o DA b B T b T A RORS 5 EE 46 X H
W4,

®3 BEERNLE

Table 3  Precision testing experiment

ik e ok o TR
i WSk ‘f')]']%{ﬁi i%fﬁi Wk ‘&“J%Tﬁi i[ﬁ‘ﬁi W iﬂlﬂﬁﬁi ;’Qlﬁ‘fﬁi
(mmol-L™") (mmol-L™") (mmol-L™") (mmol-L™") (mmol-L™") (mmol-L™")
1 0.792 9.779 10 1.365 50.446 50 1.782 80.041 80
2 0.793 9.850 1.364 50.375 1.763 78.693
3 0.796 10.062 1.357 49.878 1.791 80.680
4 0.799 10.275 1.325 47.607 1.772 79.331
5 0.795 9.991 1.365 50.446 1.785 80.254
6 0.796 10.062 1.342 48.813 1.791 80.680
7 0.797 10.133 1.349 49.310 1.765 78.835
8 0.800 10.346 1.360 50.091 1.779 79.828
7/(mmol-L™") 10.062 4 49.798 0 80.039 4
SD/(mmol-L™") 0.193 4 0.6619 0.266 7
RSD/% 1.92 1.33 0.30
RE/% 0.62 —0.40 0.04




F&M | Vol.41, No.9

AEEE PO RMABESRREXRRERN 4 —RERXTE

Lo005(8)=2.306
" 2r [ ]
=
=
W5l
%g & [] =
Sy
ig_i . — -
EE°
g " " =
@n —1F =
n
0.5 1.0 1.5 2.0
P4 VI

Fitted Y—value
(b) Fk2E—AEB A

95} .
70| /

= 40f .

ERIXIE
Percentile

2 T 0 i 2
b AL 5k 22
Standardized residuals

(d) IE&BERE

B8 Ab&EESIA

Figure 8 Composite residual analysis plot
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Figure 9 Standard curve comparison chart
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Figure 10 Comparison of  high-performance  liquid

chromatograms of actual enzymatic samples

V0 12 B4R 7 4 T R B A Y0 LN G R 25 B R
0] 58 7% 2 B30 G S 3 v 25 5 (P=>0.05) L IE S 40 Ot
AR AR 2R W b rT A HPLC T % ML # , G H A
TR P B g T2 b S e RN A
b — 2 X AP SR S AR 1 AT N AR 08 4 A, 4 R
WS,

2 Hh—T] UL 235 6 BE 1 (Vis-UV) 5 55 200 (0 33 vk
(HPLC) X} DHPET [ Jin 47 [l g 28 3 ¢ 30 & 4, 2% B 4 ol
D5 1% (0 oG B Y4 R e AT EE SR . HE— DR & B HPLC
60 B B AI 38 FH AR 4 409 4 T, AH G B R A3 T RE
A, ELASCES 2 b oA g B, BRI T AR B T2 4k
F R BN T2 5 Vis- UV GG ) R 4 5, L 0 i 4
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Table 4 Comparison of precision tests of standard solutions of both methods

A3 I E fH/(mg-mL ")

TOOAR £ 1% 5 0 52 {8 /(mg - mL ')

fie Xt 2 {86/ (mg-mL ")

9T
B 1 B2 R 1 B2 R 1 FE i 2
1 3.2471 22.678 5 3.318 3 22.629 2 0.0712 0.049 3
2 3.2909 22.7222 33193 22.630 6 0.028 4 0.091 7
3 3.367 4 22.383 1 33187 22.629 5 0.048 7 0.246 5
4 0.104 0 32143 22.744 1 3.3183 22.629 0 0.1152
5 0.0710 3.247 1 22.5472 33181 22.629 5 0.082 3
6 3.334 6 22.667 5 33199 22.630 1 0.014 7 0.037 5
7 33127 22.536 2 3.320 1 22.628 4 0.007 3 0.092 2
FEHME/(mg-mL ") 3.28773 22.61127 331895 22.629 48 0.049 34 0.102 08
bR 22/ (mg-mL ") 0.054 60 0.128 75 0.000 81 0.000 71 0.034 96 0.069 02
RSD/% 1.661 0.569 0.024 0.003
P1H 0.16 0.71
x5 WHEMRI LS
Table 5 Comparative analysis of bifurcated labelling
se 43 66 BE W A2 f/(mg-mL™") AR 3% 5 I A2 f/(mg - mL™")
10 mg/mL 20 mg/mL 40 mg/mL 10 mg/mL 20 mg/mL 40 mg/mL
1 13.3020 22.621 4 423180 13.269 2 23.366 9 42334 6
2 13.345 7 22.577 6 42.646 2 13.269 8 23.368 4 42333 6
3 13.334 8 22.643 2 42.099 1 13.268 5 23.3673 423324
4 13.3129 22.621 4 42536 8 13.269 2 23.368 9 423330
5 13.291 0 22.599'5 42427 4 13.269 4 23.3676 423349
6 13.345 7 22.665 1 42.427 4 13.268 5 23.366 6 423327
7 13.389 5 225776 41,9897 13.268 8 23.368 4 423333
S/ (mg-mL ") 13.331 66 22.615 11 42.349 22 13.269 06 23.367 71 42.333 49
L 2 /% 100.44 96.64 97.65 99.81 100.40 97.61
[ i R 35T {EL /% 98.24 99.28
S5/% 1.97 1.47

T, 5okt FH T s A St e A 0 T S8 B4 /N I A 300 SRR AR
SR , FLJE T S e i A 28 35 T AR — Ak A A A R
& Z v DHPET 09 92 vk B Wa . 4% [, £ DHPET Tl
A B L ETF R, A 66 B R L m AR B AR 5
PE R AT S A T T, R B B A SRR
3 g5

R E T P AL E R R @ T 3,4-
FRILIE 2T A T 1k BV 2R Ah—m] L 43 O O BB k4G ) 1A
Fo it Fe' 5 3,4- TR IOR 2 BE AR IR Ul B A B BLYE
BEAER S AER OIS 208 2 760 nm, 3 X 5T
LT ¥R B AL A I 55 A I R R T A% R R AR
A T B e R M, ek A& pH 6.6, 3,
4-T IR L E/FS T EEIR L 12 1R, J7 Bk 4R PV Bk 3~
100 mmol/L (R°>>0.99) , £ i FR &y 0.709 mmol/L , K % £
CRH XS 7 UE D 25 <<2% ) FTIAR 101304 (98.24% ) il 2 Tk
TR ZR S W S SR R T 288 R v O A € 9

TE, BRI i [8] 25 min DL B 469 & 3 min, H EHE
ZRHTAR L

S A — T WL 3 0l B A I FR AT e T R OB (3
AR BT B IE T2 IR, B AR S B Fe' T 5 A
2 Wy 1) 5 A EE A T RE T PUAT IR BE o RO BIE S W] 2R AR LA
T 51 O JF Sl B AR SR SR LR T R © i
TR AR R, B3, 4- RIS IR T LW
SR el P

5 2% 3Tk
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